rate without increase of metabolic cost.
This report deals with the changes of cardiac rhythm and urinary catecholamine excretion during a brain work, with special regard to the age.
EXPERIMENTALS Diurnal Variation of Free Catecholamine Excretion
Before setting the catecholamine excretion during 1 hour mental work against those during 1 hour control and recovery periods, the background variation of urinary catecholamine was studied on 5 healthy males for 2 days. The urine samples were collected at about 1.5 hour intervals from 6. 00 to 21. 00 and the subsequent samples to 6. 00 next morning were combined.
Mental Load Test
Kraepelin-Uchida's test (a continued arithmetical calculation) was chosen as a mental load, because of being able to know the individual performance. The subjects examined were 10 adolescents of 20-29 years, averaged 24 years, and 6 middle-aged male; of 47-55 years, averaged 52 years. They kept sitting quietly from 9. 00 to 10. 30. At 9. 30 the bladder was emptied and the 'control' urine sample was collected at 10. 30. From this time the subject performed the arithmetical calculation test for 1 hour, and then was sitting at rest till 12. 00 when the 'test' urine sample was collected. Thereafter he had his usual life without hard work and the 'recovery' urine was obtained at 13. 30. On carrying out the experiment lasting for 3 to 4 hours to investigate the influence of mental load upon the catecholamine excretion, it is necessary to clarify the background excretion of these amines. Fig. 1 shows the normal diurnal variation of catecholamine on 5 healthy male subjects in ordinary lives. Though the individual difference was relatively large, there was no remarkable variation in the mean values between 9. 00 and 16. 00 with regard to catecholamine excretion, while the specific diurnal rhythm of 17-hydroxycorticosteroid excretion is generally accepted.3,4) As the mental work experiment was performed under resting condition, the background variation of catecholamine excretion is expected to have been less than that seen in the ordinary life. Therefore one may evaluate accurately the effect of stressor on the catecholamine excretion taking no account of its diurnal variation, if the experiment is performed in daytime. exhaustive physical exercise, vibration and centrifugation and also in mental stresses such as fear, anxiety and other emotional excitements5). However, the change of adrenaline excretion in an intellectual work has been still unknown.
In the present study, the subjects were not exposed to any physical stressor to induce the increased adrenaline secretion, hence the significant increase of adrenaline excretion may be attributed to the mental load and its attendant psychological tension. It is generally accepted that a major proportion of endogenous adrenaline originates in the adrenal medulla which is innervated by the autonomic nerves and that the increase of adrenaline secretion is brought about by excitation of hypothalamus, particularly by stimulation of the posterior paravectricular area. This autonomic center is controlled by higher centers such as the cerebral cortex and the limbic system. In fact, adrenaline secretion increases by emotional excitation, the center of which is located in the cerebral limbic system. In the case of intellectual work, it is expected that the cerebral cortex excites and the resulting impulse is transmitted to the adrenal medulla via the hypothalamus and followed by the increased adrenaline secretion.
To examine the reason for the different adrenaline excretion during the mental load between the two age groups, the relative increase of adrenaline excretion is plotted to the number of figures calculated, i. e. working capacity and there was found a close correlation between them (r=0. 65, p<0. 01). Therefore the difference in adrenaline excretion between the two groups should be attributed to the distinct working capacity, not to the function of adrenal medulla itself. As it is well known that the dexterous activity declined with the increase of age, less working capacity of the old subjects in arithmetical calculation, even the best of their ability, was conceivable and it was perhaps reflected in the adrenaline excretion .
As regards the change of cardiac rate during the mental load, the overshoot period lasting for 15 to 20 min was followed by the stabilization period. The energy consumption increases only slightly during the mental load, according to some earlier investigation6), hence the tachycardia observed in the present study should be ascribed to other factor than the increase of oxgen consumption. This inference is suggested by the well-known fact that the overshoot phenomenon is not observed in physical exercise causing the increased oxgen consumption. The heart rate in the overshoot period was about 90 irrespective of age. Therefore the intial tachycardia seems to be attributed to a direct effect of the higher center on the heart such as. some psychological tension accompanied by the test, not affected by the working capacity.
As seen in Fig. 3 . the overshoot phenomenon disappeared after a certain period of time, which suggests that such a direct effect was eliminated after the subjects had acclimated to the experiment.
The correlation between the working capacity and the increase of heart rate was not significant, but the correlation coefficient between the increase of heart rate and of adrenaline excretion during the load was significant (r=0. 61, p<0.05). Accordingly, the promotion of heart rate was probably due to the increase of circulating adrenaline.
The earlier investigators7) showed that the 17-OHCS excretion might be a parameter for the response to the mental work. But there was no significant change in 17-KGS excretion during the same mental work, as seen in Table 2 . From the above result it seems conceivable that the cardiac rate and the adrenaline excretion may be useful indices for the mental work. Discussing the comparative evaluation of the cardiac response and the adrenaline Table 2 . 17-Ketogenic steroid excretion before, during and after the mental work in 4 adolescent subjects .
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A. KOJIMA AND Y. NIIYAMA excretion as a parameter for the mental load, the increase of the heart rate was not directly related to the working capacity and was not so large. Furthermore, many factors as well as mental stress influence on the heart beat.
On the other hand, the adrenaline excretion seems to reflect directly the degree of the mental load, so it is presumably more useful than the cardiac rate.
As Fig. 4 shows, the cardiac intervals under the resting condition were relatively variable.
The variability is mainly due to the respiratory arrhythmia. On exposing to the mental stressor the arrhythmia was abruptly suppressed. 
